Background. The aim of the study was to determine the effect of pasteurisation and sterilization of model systems of minced chicken meat in the presence of low or high-oxidised pork lard, soy and sunfl ower oil, as well as casein hydrolysate and rosemary extract, on losses of thiamine in model systems. Material and methods. In the samples, the thiamine content was analysed periodically by thiochromium method, as well as rate of lipid oxidation based on measurement of peroxide value (PV) by iodometric method and p-anisidine value (AV) by spectrophotometric method. Results. It was observed that the thiamine losses in model systems of minced chicken after pasteurisation (61--71%) were higher than after sterilization (57-67%). Introduction of high-oxidised fat increased the total thiamine losses both during thermal processing and storage of meat samples (to 23%). A strong relationship was established between thiamine losses and rate of fat oxidation. The lowest total thiamine losses were observed in the samples with low-oxidised pork lard. Antioxidant addition (rosemary extract or casein hydrolysate) into meat samples limited the thiamine losses. However, the effect depended on oxidation of fat that was mixed with meat. In the samples with low-oxidised fat, higher protective effect was found for rosemary extract (7--11%). In the samples with high-oxidised fat, casein hydrolysate was superior to rosemary extract (14%). Conclusions. In order to increase the stability of thiamine in pasteurized or sterilized meat products with fats, the infl uence of fat type and its oxidative stability should be taken under consideration. Moreover, the addition of rosemary extract or casein hydrolysate has impact on the thiamine losses since it slows down lipid oxidation to a signifi cant extent.
INTRODUCTION
*The research was fi nancial supported by National Science Center in Poland (the project no. N312 241638). Thiamine (vitamin B 1 ) is a water-soluble compound which consists of a pyrimidine nucleus and a thiazole ring. Thiamine is widely distributed in plants and animal tissues and is found in high concentrations in yeast, beans, wheat germ, oats, meat, soy beans, and so on. The vitamin plays an important role as a coenzyme in the tricarboxylic acid cycle and in the hexose monophosphate shunt. Thiamine defi ciency produces symptoms which are primarily located in heart and nerve tissues. These symptoms can be rapidly reversed by thiamine supplementation. Thiamine also plays an important role in neurotransmission, as well as several other key biochemical pathways [Johnson et al. 2002 , Frank et al. 2007 , Bettendorff and Wins 2009 . Besides amino acid composition, thiamine content is a crucial index of meat and meat product nutritive value. Previous studies showed that thermal processing causes great thiamine losses [Cooksey et al. 1990 , Szymandera-Buszka and Waszkowiak 2003 , Seidler et al. 2004 , Szymandera-Buszka et al. 2006 , Szymandera-Buszka 2012 . Moreover, products of lipid oxidation intensify the unfavourable heat effect to thiamine [Szymandera-Buszka 2003] . Taking into consideration the need to prolong storage time of meat products, lipid oxidation accelerated by the thermal processing gains much importance. The aim of the study was to determine the effect of thermal processing (pasteurisation and sterilization) and storage of model systems of minced chicken with fresh and oxidized fats (i.e. pork lard, soy and sunfl ower oils) and selected antioxidants on changes thiamine content. As the antioxidants casein hydrolysate and rosemary extract were applied.
MATERIAL AND METHODS

Materials.
In the study, chicken meat (chicken breast) was the source of thiamine. The meat was previously minced (mesh size of 2 mm) and then mixed with some additives: • low-oxidised pork lard, soy oil or sunfl ower oil (PV = 1. Korczak et al. [1990] : 20 mg per 100 g meat. After mixing with the above mentioned components, 100 g of meat samples was placed in painted black glass jars (with twist-off type cap; about 55 mm in diameter and volume of 170 cm 3 ). The glass jars were closed under nitrogen. Pasteurisation was carried out at 100°C for 60 min (convection oven -RA-TIONAL AG). Sterilization was carried out at 121°C for 35 min (taking into account the time needed for heating up and cooling) in an autoclave. After thermal processing, the samples were stored for 6 months at 20-24°C.
Determination of changes in thiamine contents and lipid oxidation. Thiamine content in chicken meat samples were determined before and after thermal processing, as well as periodically during their storage (every 30 days).
Total thiamine content. Total thiamine content was determined using the thiochromium method [Rettenmaier et al. 1979, Waszkowiak and Szymandera-Buszka 2007] .
Free and bound thiamine content. Free thiamine content was determined using the thiochromium method [Waszkowiak and Szymandera-Buszka 2007] with some modifi cations as follows. A 15 g of meat sample was agitated (rotary shaker) for 15 min with 200 mL of 0.1 mol L -1 sulphuric acid and hydrolysed for 30 min at 95-100 o C in boiling water with frequent mixing (rotary shaker). Then the sample was cooled down, diluted to 250 mL and fi ltered (fi lter paper). The next steps were carried out by the method of total thiamine. The amount of the bound thiamine was calculated from the difference between total thiamine and free one.
Lipid oxidation. Oxidative changes of lipid were analysed periodically (every 30 days) based on measurement of peroxide value (PV) by iodometric method [ISO 3960:2007] and p-anisidine value (AV) by spectrophotometric method [PN-EN ISO 6885:2001 , Pé-rez-Palacios et al. 2008 .
Statistical analysis. Statistical analyses were conducted using Statistica (version 9.0, StatSoft). Data were expressed as mean ±standard deviation (SD) of three independent samples and three independent measurements for each sample (n = 9). The effect of treatment (pasteurisation and sterilization, L = 2) and/or addition (three low or high-oxidised fats and two antioxidant or without antioxidant, L = 18) was analysed. Analysis of variance (ANOVA) for a CRD (completely randomised design) experiment and then Tukey's multiple range test (p ≤ 0.05) was applied to compare the means. For analyses of thiamine changes during storage, the correlations between variables were established using the regression analysis.
Szymandera-Buszka K., Hęś M., Waszkowiak K., Jędrusek-Golińska A., 2014. Thiamine losses during storage of pasteurised and sterilized model systems of minced chicken meat with addition of fresh and oxidized fat, and antioxidants. Acta Sci. Pol., Technol. Aliment. 13(4), 393-401.
www.food.actapol.net/
To compare the dynamics of occurring changes, time t (1/2) was determined, in which the initial thiamine content decreases by half.
RESULTS
Changes in thiamine content after thermal processing
The analyses of thiamine changes after thermal processes showed that they caused high losses of both free and bound thiamine forms probably by disrupting thiazole ring. It supports the results of the previous studies [Szymandera-Buszka 2003] . The pasteurisation caused higher total thiamine losses when compared to sterilization (Table 1 ). The total thiamine losses in meat samples after pasteurisation ranged from 61% to 71% and were lower by 4 percentage points than those after sterilization.
The addition of low-oxidised fat into chicken meat did not increase the total thiamine losses during the thermal processing, when compared to losses in the samples without fat addition (the results are not 
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shown). The total thiamine losses were also not affected by type of fat that was added to the samples. However, introduction of high-oxidised fat into meat samples increased the total thiamine losses, both after pasteurisation and sterilization. Higher thiamine losses were found after thermal processing of the samples with high-oxidised soy oil than the ones with high-oxidised sunfl ower oil. The lowest losses of total thiamine were observed for the meat samples with high-oxidised pork lard. The addition of casein hydrolysate to the samples with low-oxidised fat lowered the bound thiamine losses by 1-2 percentage points, both after pasteurisation and sterilization. The rosemary extract addition to the samples with high-oxidised oil lowered the loss of bound thiamine by 2 percentage points, however, casein hydrolysate caused lowering thiamine losses by 2-4 percentage points.
The thiamine losses during thermal processing depended on thiamine form. The losses of bound thiamine were higher by 5 percentage points when compared to free thiamine form. The relationship between rate of fat oxidation and bound thiamine losses were observed. Higher losses of bound thiamine (at about 8 percentage points) were observed in the samples with high-oxidised fats. Szymandera-Buszka K., Hęś M., Waszkowiak K., Jędrusek-Golińska A., 2014. Thiamine losses during storage of pasteurised and sterilized model systems of minced chicken meat with addition of fresh and oxidized fat, and antioxidants. Acta Sci. Pol., Technol. Aliment. 13(4), 393-401.
www.food.actapol.net/ Changes in thiamine content during storage During meat samples storage, further increases in lipid oxidation and also thiamine losses were recorded. The high correlation between values of oxidation indexes and thiamine contents in stored meat samples was observed (Table 4 ). The highest dynamics of thiamine changes was found in the samples with addition of high-oxidised soy oil in which the highest values of PV and AV were observed (the results are not shown). Calculated thiamine half-life of sterilized or pasteurised meat samples with high-oxidised soy oil was the shortest and amounted to 403 and 400 days, respectively. It was lower by about 20% than half-life of the samples with low-oxidised fats.
The antioxidant addition, i.e. rosemary extract or casein hydrolysate, to meat samples limited the thiamine losses. However, the effect depended on oxidation of fat that was mixed into chicken meat. The highest protective effect of rosemary extract on thiamine was observed in meat samples with low-oxidised fat ( Table  2 ). The longest half-life was found in the stored samples with low-oxidised pork lard and rosemary extract. In the samples with high-oxidised fat, casein hydrolysate was superior to rosemary extract addition (Table 3) . Application of casein hydrolysate and rosemary extract extended the half-life of the stored meat samples with high-oxidised fats at about 15% and 4%, respectively, comparing with the samples without the addition. 
DISCUSSION
Pervious studies showed that thermal destruction of thiamine follows fi rst order reaction kinetics [Mulley et al. 1975] . The thermal degradation of thiamine produces a number of compounds with particularly potent aromas, including furans, furanthiols, thiophenes, thiazoles, and aliphatic sulphur compounds, some of which have been reported in meat volatiles [Mottram 1991] . During thermal processing, thiamine retention is determined by the type of heating medium and time of thermal processing [Mulley et al. 1975 , Waszkowiak et al. 1999 , Szymandera-Buszka 2003 , Waszkowiak and Szymandera-Buszka 2007 . Results of the study showed that addition of high-oxidised fats to the chicken meat caused higher total thiamine losses, when compared to the meat samples with the low-oxidised fats addition, after the thermal processing. During storage of the samples further increase of lipid oxidation and thiamine losses were recorded. Thiamine losses in the meat samples with highoxidised fats resulted from the thiamine sensibility to oxidation and reduction factors [Dwivedi and Arnold 1972] . Similar results were obtained during pork sterilization [Szymandera-Buszka 2003] . Higher losses of thiamine in the presence of oils than pork lard were probably connected with the difference in oxidative stability of the applied fats. In the study it was also Szymandera-Buszka K., Hęś M., . Thiamine losses during storage of pasteurised and sterilized model systems of minced chicken meat with addition of fresh and oxidized fat, and antioxidants. Acta Sci. Pol., Technol. Aliment. 13(4), 393-401.
www.food.actapol.net/ found that addition of rosemary extract and casein hydrolysate to chicken meat samples limited the thiamine losses. The protective effect of rosemary extract to thiamine, that was demonstrated in the study, can be explained by its antioxidant properties. The inhibition of lipid oxidation by rosemary extract was previously proved Dolata 2007, Casarotti and Jorge 2012] . However, the results of our study demonstrated that casein hydrolysate had higher protective effect to thiamine than rosemary extract in stored meat samples with high-oxidised fats. Protective effect of casein hydrolysate to thiamine was previously demonstrated after sterilization of mixture contained pork and oxidised lard and casein hydrolysate [Szymandera-Buszka 2003] . The phenomenon seems to be an effect of reaction that occurs between oxidation products and amino acid residues of the hydrolysate. Because of those interactions, peptides and amino acids are suggested to partially protect of thiamine from oxidation-induced damage in presence oxidised fats. Results of earlier studies support the abovemaintained hypothesis showing that some proteins in food protect thiamine and SH groups are involved in it [Leichter and Joslyn 1969 , Janitz and Czyżewska 1983 , Skjöldebrand et al. 1983 .
CONCLUSION
The thiamine losses in chicken meat were higher after pasteurisation than sterilization. The relationship was found between fat oxidation and thiamine losses. Addition of high-oxidised fat accelerated the total thiamine losses, when compared to low-oxidised fat, both after thermal processing and storage of chicken meat. Addition of antioxidants (i.e. rosemary extract or casein hydrolysate) to meat samples limited the thiamine losses. Comparing the protective action of both antioxidants to thiamine, higher effect of rosemary extract was found in meat samples with low-oxidised fat. However, casein hydrolysate was superior to rosemary extracts in the samples with high-oxidised fat. Further investigations should be carried on to explain the phenomena.
